Background: Hepatitis C virus infection and interferon treatment have shown to be risk factors for sleep disorder health-related quality of life. Aim: To determine whether the effects of resveratrol on sleep disorders were associated with different tests in subjects with chronic hepatitis C treated with Peg
Background
Hepatitis C virus infection affects approximately 200 million individuals and contributes to increased mortality worldwide. The hepatitis C virus is characterized by a silent nature and long 143.4 ± 33.2 162.4 ± 32.1 NS Alanine Aminotrasferase (ALT) (IU/L) (normal 155.4 ± 36.1 162.4 ± 32.1 NS Viremia (10 6 copies/mL) 3.4 ± 2.1 3.7 ± 2.8 NS C-Reactive Protein (CRP) (mg/dL) (normal < 1.0) 6.4 ± 0.9 6.5 ± 0.8 NS HAI 10.4 ± 2.8 10.5 ± 2.2 NS Nutrients 2017, 9, 897 3 of 14 must have elevated serum alanine transaminase levels and findings on liver biopsy consistent with chronic infection. Ineligible patients were those who had other liver diseases, positivity tests for serum HBsAg, for HIV antibodies, negativity for HCV antibodies and those who were affected by alcoholic liver disease, pulmonary and renal diseases, decompensated cirrhosis, pregnancy, hemoglobinopathies, autoimmune disorder, endocrinopathy and severe neuropsychiatric diseases. Hematochemical, virological, instrumental and histological analysis were performed on these patients. All subjects underwent a physical examination and medical interview before treatment. All patients were recruited in observation and respect of Helsinki Declaration [27] and gave their informed consent for the study participation and for each procedure they underwent. This study was approved by Cannizzaro Hospital Ethics Committee. All sensitive data were collected and protected in respect of present privacy statements. 
Serum Analysis
All patients underwent a complete virological assay for HBV, HCV and anti-Delta (Delta virus antibody). Anti-HCV antibodies were determined by Enzyme-Linked immunosorbent assay (ELISA assay-Ortho Diagnostic Systems, Raritan, NJ, USA). HCV-RNA (Hepatitis C Virus RNA) levels were detected by polymerase chain reaction using HCV-RNA assay AmpliPrep/COBAS TaqMan 
All patients underwent a complete virological assay for HBV, HCV and anti-Delta (Delta virus antibody). Anti-HCV antibodies were determined by Enzyme-Linked immunosorbent assay (ELISA assay-Ortho Diagnostic Systems, Raritan, NJ, USA). HCV-RNA (Hepatitis C Virus RNA) levels were detected by polymerase chain reaction using HCV-RNA assay AmpliPrep/COBAS TaqMan (Roche Diagnostics Systems, Branchburg, NJ, USA). Serum samples negative for HCV RNA were retested using the Abbot Real Time HCV assay, with a lower limit of quantification Nutrients 2017, 9, 897 4 of 14 and detection of 12 IU/mL HCV genotypes and subtypes were identified [28] . HCV viral genotypes were determined by restriction analysis of HCV-RNA 5" UTR [29] . Aspartate Aminotransferase (AST) and Alanine Aminotransferase (ALT); gamma Glutamil Tranferase (γGT); total, conjugated and unconjugated bilirubin; and serum proteins analysis, as well as hematochemical measurements and virological analysis have been executed in the laboratory of Cannizzaro hospital with automated and standardized methods.
Histological Grading Assessment
Patients underwent ultrasound-assisted percutaneous biopsy [30] : tissue specimens were obtained with Menghini modified needles (Automatic Aspiration Needle for Liver Biopsy, ACR 16 G, 11 cm, manufactured by Sterylab Srl, Milan, Italy). A biopsy was considered adequate for evaluation if the specimen was >1.5 cm long and contained a minimum of 6 portal tracts. Knodell and Ishak Histological activity index (HAI) score was used to assess the histological grading of the disease [31] . The METAVIR scoring system was used to stage liver fibrosis as follows: F0, no fibrosis; F1, portal fibrosis without septa; F2, portal fibrosis and few septa; F3, numerous septa without cirrhosis; and F4, cirrhosis [32] .
General Health Questionnaire (GHQ)
GHQ was the twenty-eight scaled version, which assesses somatic symptoms, anxiety and insomnia, social dysfunction and severe depression.
The twenty-eight items are scored from 0 to 3, with participants indicating the frequency or extent to which they have experienced a number of issues.
The items combine to assess the four sub-scales and the total scores ranges from 0 to 84, with higher scores representing more negative symptoms [33] .
Profile of Mood States (POMS)
The POMS is a questionnaire of mood states and their functions in both clinical and research settings.
Participants rated sixty-five adjectives in terms of how much they had felt each one in the past week, using a five-point scale from "not at all" to "extremely".
Scores from these sixty-five items (which includes seven dummy adjectives) are combined to give six global scores of "tension, depression, anger, fatigue, confusion and vigor".
A total mood disturbance score can also be calculated by adding the scores from the first five of these global scores and subtracting "vigor" [34] .
Pittsburgh Sleep Quality Inventory (PSQI)
The PSQI is a self-rating questionnaire, resulting in a global score between 0 and 21. The PSQI measure the quality and pattern of sleep. The PSQI assesses seven factors-subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleep medication and daytime dysfunction-via questions regarding sleep timings on scales from 0 to 3, in which participants rate whether they have experienced a number of issues. A global sleep score is created by totaling the seven subfactors scores, with higher scores indicating poorer sleep quality [35] .
Epworth Sleepiness Scale (ESS)
The ESS is a scale that measures daytime sleepiness. The questionnaire asks the subject to rate his or her probability of falling asleep on a scale of increasing probability from 0 to 3 for eight different situations that people engage in during their daily lives. The scores for the eight questions are added together to obtain a single number. Scores of 0-9 is considered normal. Scores of 10-15 indicate the possibility of mild to moderate sleep apnea. Score of 16 indicate severe sleep apnea [36] .
Efficacy and Safety Assessment
We considered sustained virological responders (SVR) the patients with undetectable HCV-RNA 12 weeks after the end of therapy. The relapsers are the patients with as undetectable HCV-RNA levels at the end of treatment but detectable levels during the follow-up period. Patients with HCV-RNA detectable in the serum at the end of the treatment have been defined as Non Responders (NR). Reasons for discontinuation of the treatment were severe adverse events and absence of compliance.
Statistical Analysis
Data are expressed as means ± standard deviations (SD), median or percentage. Differences between groups were tested using Student's t-test or Mann-Whitney U test and the Chi-square test was used for differences in the distribution of categorical variables. For sample size determination (power = 90%, alpha = 0.05), a drop-out rate of 20% was assumed and yielded a sample size of 60 patients in total. In all analyses, p-values < 0.05 were considered statistically significant. All statistical analyses were performed using SPSS 15.0 (SPSS Inc., Chicago, IL, USA).
Results
Demographic characteristics did not show significant differences between the two groups at baseline. The most frequent viral genotype was 1b (Table 1) .
Effect of Resveratrol on Transaminases, Viremia and HAI
In Group A, there was a significant decrease in AST (p < 0.001) and ALT (p < 0.001) after 12 months, and at follow up. Viremia was significantly reduced after 6 months (p < 0.05), 12 months (p < 0.001) ( Table 2) . HAI score decreased after 12 months (p < 0.001).
In the group that was treated with Peg-IFNα, RBV and RV, we observed a significant decrease in AST (p < 0.001), ALT (p < 0.001), and CRP (p < 0.001) after 6 and 12 months, and at follow up; a significant decrease we observed in viremia after 12 months and at follow-up. A significant decrease in HAI score (p < 0.001) was observed after 12 months. The comparison between Group A and Group B showed a significant difference after six months in ALT (p < 0.001), CRP (p < 0.001) and viremia (p < 0.05); and after 12 months in CRP (p < 0.001), ALT (p < 0.001), and AST (p < 0.001). At follow up, we observed a significant difference in AST (p < 0.05), ALT (p < 0.001) and CRP (p < 0.001).
In Group A, GHQ score increased after 1, 6, and 12 months, and at follow up (p < 0.05). POMS, PSQI and ESS score increased after 6 and 12 months, and at follow up (p < 0.05) ( Table 3) . In Group B, after one month, we observed a significant increase in GHQ (p < 0.001), POMS (p < 0.001) and PSQI (p < 0.001). The scores for POMS and PSQI decreased significantly after 12 months (p < 0.001) and at follow up (p < 0.05). The comparison between Group A and Group B showed a significant difference after 12 months in GHQ and POMS (p < 0.001), and PSQI and ESS (p < 0.05); and after 12 months in ESS (p < 0.05).
Comparison between Patients According to Response Treatment
According to the response treatment, in subjects treated with Peg IFN-α + RBV alone, comparing pre-treatment and SVR patients, there was a significant decrease in POMS (p < 0.05) and in ESS (p < 0.001), while, in the comparison between pre-treatment and non responders, we observed an increase in PSQI (p < 0.001) . In subjects treated with Peg IFN-α + RBV + RV, we observed a decrease in POMS, PSQI and ESS (p < 0.01) in SVR patients. Lastly, in the comparison between treated with RV and without RV, we have observed a decrease in GHQ, POMS, PSQI and ESS (p < 0.01) ( Table 4) . 6.4 ± 0.9 6.0 ± 0.8 C * 5.9 ± 0.8 C ** 5.4 ± 0.7 C *** 6.5 ± 0.8 5.2 ± 0.7 C *** 3.5 ± 0.8 C *** 3.8 ± 0.7 C *** Comparison within groups: * NS; ** p < 0.05; *** p < 0.001; Comparison between groups: A NS; B p < 0.05; C p < 0.001; There were no significant differences between groups at baseline. 
Adverse Events
No serious adverse events (WHO grade 3 or 4) have been observed in both groups. Twenty patients showed mild psychological disorders such as anxiety, irritability, fatigue, and depression. Noteworthy a higher increase of these disorders was observed in the Peg-IFN-α + RBV alone treatment (Table 5 ). 
Discussion
Sleep disorders represent a very common problem among HCV patients treated with Peg-IFN-α and RBV; sleep disorders were recognized in nearly three-quarters of the analyzed group.
Polyphenolic natural products alter cellular metabolism, which has great impacts on cellular inflammatory status and function [37] .
HCV and IFN treatment have shown to be elevated risk factors for depression, irritability, anxiety and sleep disorders. Our efforts in HCV treatment have been focused on understanding the impact of HCV infection on sleep disturbances and general health [38] .
Sleep disturbances may exacerbate chronic fatigue, which can occur in up to 70% of HCV patients, and reduce health-related quality of life [39] [40] [41] [42] .
Few studies have been carried out to date to show a relationship between sleep disturbance, hepatitis C and IFN treatment. In our study we observed in HCV patients treated with Peg-IFN-α and RBV alone an increase of somatic symptoms, anxiety, depression, insomnia, mood dysfunction, social dysfunction, anger, fatigue, confusion, sleep apnea and poor sleep quality. The majority of results show sleep disturbances in HCV patients treated with Peg-IFN and RBV at one month and at six months following treatment. Sleep disturbances were significantly associated with various phases of treatment, and more physical and neuropsychological symptoms. It is plausible that inflammatory cytokines serve as mediators of both environmental and genetic factors that may trigger the development and progression of anxiolytic and depressive disorders.
The cytokines may induce depression by crossing the blood-brain barrier, and activating neuroendocrine and neurotransmitter systems. In fact, IFN-α has been shown to increase degradation of 5-hidroxytryptamine (5-HT) and tryptophan. IFN-α also decreases mRNA levels and protein expression of 5-HT receptor 1A, resulting in down-regulation and thus lower concentration of 5HT [43, 44] .
Supplementation with silybin, carnitine and its derivate, rosuvastatin, reduces adverse effects and improves quality of life [40] .
In the comparison of the two study groups, we observed not only a decreased of general health, but also a decreased sleep quality and daytime sleepiness in HCV peg-IFN-α and RBV alone.
Neuropsychiatric sequel of IFN treatment can include sleep disturbances, which may be a harbinger for IFN-α induced disorders. The protective effect of RV may be attributed to its antioxidant and free radicals scavenging properties [45, 46] .
In patients treated with peg-IFN-α, RBV and RV, we observed lower scores and reduced sleep disturbance. The reduction in anxiety, depression and sleep disturbance symptoms associated with RV supplementation provides the first evidence that RV may have potential anxiolytic benefits for individuals. Accordingly, alterations in inflammation could also influence anxiety.
Recent studies have demonstrated that pro-inflammatory cytokines play a relevant role in the regulation and modulation of sleep and contribute to the physiological control of the sleep-wake cycle [47, 48] .
These data showed that RV supplementation benefited clinically depressed individuals, but not those with less severe depressed mood. AST, ALT, γGT, CRP, TNF-α and IL-6 as well as the histological characteristics (steatosis and fibrosis of the patients) were significantly improved compared with the patients who received the placebo. Supplementation with RV increased the sustained virological response (SVR) in patients treated with Peg-IFN-α and RBV. Several studies suggested poor sleep quality and sleep disturbances, which are associated with subsequent depression during IFN therapy. According to response treatment, in both HCV patients treated with Peg IFN-α + RBV alone and Peg IFN-α + RBV + RV, RV improved sleep quality. The beneficial effects on sleep disturbance were observed in all patients, both SVR and NR, treated with RV compared with the SVR and NR patients that were treated with Peg INF-α and Ribaverin alone (Figure 2) .
A human intervention study indicated that consumption of RV increased the number of Enterococcus, Prevotella, and Bacterioides uniformis, while the quantity of Lactobacillus spp. was unaltered [49] .
Individuals with higher anxiety traits, depression, and fatigue showed a distinct metabolic profile, indicative of a different energy homeostasis, hormonal metabolism and gut microbial activity [50, 51] . The daily consumption of polyphenols resulted in a significant modification in the microbial metabolism, with potential long-term health consequences.
Little research exists regarding the effect of polyphenols on mood but this anti-fatigue effect may find an explanation in vitro and in animal studies, which report the ability of RV to inhibit activity of monoamine oxidase A/B.
Red wine polyphenol shows anti-fatigue activity through increased energy expenditure and endurance capacity in mice [12] .
The limitations of this study include the small number of patients, who were not stratified by disease severity, and not including all patients with chronic liver diseases. Another limitation is that comparisons were made between a real disease that these patients were suffering from, and perceived rather than real losses. 
Conclusions
This study adds weight to the argument that HCV patients should be treated, not only to improve disease prognosis, but also to potentially improve quality of life.
Intervention targeting the psychological, social and economic circumstances experienced by HCV patients and its treatment may be able to influence health status.
Further research is essential to determine whether some component of the psychosocial health burden associated with HCV infection and its treatment can be mitigated.
Future studies are needed to explore factors related to maintain the sleep quality as well as physical and psychological disablement and quality of life.
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